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WIDE DYNAMIC RANGE ELECTRONIC IMAGE 
RECORDING AND REPRODUCING SYSTEM 

BACKGROUND OF TRR INVENTION 

Field of the In vention 
5 The present invention generally relates to an electronic image recording 

and reproducing system, and more particularly to an electronic image recording 
and reproducing system including an electronic camera and an image 
reproducing apparatus such as an image monitor and a printer, in which image 
recording is performed with a dynamic range that is wider than that being 
10 required at reproducing (e.g., displaying or printing) of the image data, and 
exposure can be changed at the reproducing. 

Description of Related Art 

Japanese Patent Provisional Publication No. 7-288738 discloses an 
automatic exposure apparatus of an electronic camera that changes latitudes 

15 according to scenes at imaging. The automatic exposure apparatus performs 
knee control that prevents saturation at high-luminance parts in order to address 
a problem that the high-luminance parts are saturated since a luminance range is 
wide when a main subject is exposed at a normal exposure value with back light 
or too much front light. 

20 The automatic exposure apparatus in Japanese Patent Provisional 

Publication No. 7-288738, however, can not perfectly match the exposure to any 
scenes since the automatic exposure apparatus only changes the luminance range 
by a knee processing. Saturation at highlight parts is prevented by the knee 
processing, but the highlight parts lose definition and the image lacks in contrast. 
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Also, over-exposure of a main subject can not be corrected at printing. 

Japanese Patent Provisional Publication No. 11-69179 discloses an image 
reproducing method in which image data of a range wider than the dynamic 
range of the image reproducing apparatus is obtained; a density range 
5 appropriate for a reproduced image is found as setup information; and when an 
image file stored in an image information recording medium with the image data 
is displayed, the user checks the displayed image according to the setup 
information with a special software and chooses one piece of the setup 
information to display the image. 

10 According to the image reproducing method in Japanese Patent 

Provisional Publication No. 11-69179, an image capturing operation is 
inconveniently complicated, since it is required to predetermine the density range 
to be actually reproduced in the printing within the captured image information 
and to store the predetermined density range into the image file as a density 

15 range option. Moreover, the printing cannot always be performed with the 
optimum density, since the density information should be chosen in the 
reproducing from only the predetermined density range. 

SI JMMARY OF THF TNVF.NTTON 

The present invention has been developed in view of the above-described 
20 circumstances, and has as its object the provision of an electronic camera in 
which imaging can be performed with a dynamic range that is wider than that 
required at displaying or printing of image data and a printed image with 
automatically or manually corrected density can be obtained at the displaying or 
the printing. 

25 To achieve the above-described object, the present invention is directed 

to an electronic camera comprising: an imaging device which images a subject so 
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as to acquire image data with an imaging luminance range wider than a 
reproducing luminance range on at least one of displaying and printing; and a 
recording device which converts the image data acquired by the imaging device 
with a predetermined function and records the converted image data and 
5 information on the predetermined function. 

According to the present invention, the electronic camera has the imaging 
device that images the subject with the dynamic range wider than that at the 
displaying or the printing to acquire the image data and the recording device that 
converts the image data acquired by the imaging device with a predetermined 

10 function and records the converted image data and the information on the 
function. Therefore, the printed image with the automatically or manually 
corrected density can be obtained at the displaying or the printing. 

To achieve the above-described object, the present invention is directed 
to an image reproducing apparatus which reproduces a visible image by at least 

15 one of displaying and printing according to first image data recorded with a 
recording luminance range wider than a reproducing luminance range on the at 
least one of displaying and printing, the image reproducing apparatus 
comprising: a reading device which reads the first image data with the recording 
luminance range and reads luminance range information relating at least the 

20 recording luminance range; a signal processing device which produces, from the 
first image data with the recording luminance range, second image data with a 
luminance range required on the reproducing according to the luminance range 
information; and a reproducing device comprising at least one of: a displaying 
device which displays the second image data as the visible image; and a printer 

25 which prints the second image data as the visible image. 

To achieve the above-described object, the present invention is directed 
to an electronic image recording and reproducing system, comprising: an 
imaging device which images a subject so as to acquire imaged data with a 



recording luminance range wider than a reproducing luminance range on at least 
one of displaying and printing; a recording device which converts the imaged 
data acquired by the imaging device with a predetermined function into a first 
image data and records the first image data and luminance range information 
- 5 relating at least the predetermined function; a reading device which reads the 
first image data with the recording luminance range and reads the luminance 
range information; a signal processing device which produces, from the first 
image data with the recording luminance range, second image data with a 
luminance range required on the reproducing according to the luminance range 
10 information; and a reproducing device comprising at least one of: a displaying 
device which displays the second image data as the visible image; and a printer 
which prints the second image data as the visible image. 

BRTRF DESCRIPTION OF THF DRAWINGS 

The nature of this invention, as well as other objects and advantages 
15 thereof, will be explained in the following with reference to the accompanying 
drawings, in which like reference characters designate the same or similar parts 
throughout the figures and wherein: 

Fig. 1 is a block diagram showing the structure of a wide dynamic range 
electronic image recording and reproducing system according to an embodiment 
20 of the present invention; 

Fig. 2 is a graph diagram showing the relationship between subject 
reflectance R (%) and a digital value to be recorded D (digit); 

Fig. 3 is a graph diagram showing luminance correction in case the 
relationship between the subject reflectance R (%) and the digital value to be 
25 recorded D (digit) is shown by a linear function; 

Fig. 4 is a graph diagram showing luminance correction in case the 
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relationship between the subject reflectance R (%) and the digital value to be 
recorded D (digit) is shown by a logarithmic function; 

Fig. 5 is a diagram showing the structure of the image file including the 
luminance information on the gradation conversion according to the present 
5 invention; 

Fig. 6 is a flowchart showing a procedure for reading out the image file 
recorded in a recording device and printing the image; 

Fig. 7 is a graph diagram showing the relationship between the data at the 
shooting, gradation conversion, gradation inverse conversion, and the 
10 reproducing; and 

Fig. 8 is a diagram showing a directory structure when the image file is 
recorded in a recording device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereunder the preferred embodiment of the present invention is 
15 explained in detail according to the accompanying drawings. 

Fig. 1 is a block diagram showing the structure of a wide dynamic range 
electronic image recording and reproducing system according to an embodiment 
of the present invention. 

As shown in Fig. 1, an imaging part of an electronic camera 10 comprises 
20 a lens group 16 that forms an image of a subject 12 on a solid-state imaging 
device or a CCD 14, a diaphragm 18 that adjusts an amount of light reaching the 
CCD 14, a diaphragm driving part 20 that adjusts the aperture of the diaphragm 
18, a lens driving part 22 that adjusts the position where the image of the subject 
is formed on the CCD 14, a CPU 24 that performs control of the whole 
25 electronic camera 10, for example, control of the lens driving part 22, control of 
the diaphragm driving part 20 and setting of imaging timing signals, the CCD 14, 
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a CDS 26 that obtains R, G, B, G voltages corresponding to amounts of light by 
amplifying imaging signals and performing correlation double sampling of the 
imaging signals, an A/D converter 28 that converts analog image signals into 
digital signals, a timing generator 30 that transmits timing signals synchronizing 
5 the CCD 14, the CDS 26 and the A/D converter 28 and controlling a reduction 
rate, a frame rate and a pixel number of image data and a recording mode 
switching device 31 that switches between a normal recording mode and a wide 
dynamic range recording mode. 

An integrating circuit 32 has a TTL AE function of abstracting luminance 

10 components from the obtained R, G, B, G digital signal values and finding a 
luminance level of the subject by, for example, integrating the digital signal 
values for a predetermined area and finding an exposure (an F-number and a 
shutter speed) and a contrast AF function of moving the lens group 16 so that, 
for example, high-frequency components of the image signals are maximum. 

15 A signal processing part of the electronic camera 10 is provided with a 

memory 40 that temporarily stores the digitized R, G, B, G image data outputted 
in real time during the image signal processing at latter parts, a gamma 
correcting part 34 that performs gamma correction, optical black correction and 
white balance correction of the image data, an interline processing part 36 that 

20 produces R, G, B image data from the R, G, B, G image data and a YC 
converting part 38 that YC-converts the R, G, B image data into luminance 
information and color-difference signals. 

When the image is to be displayed by a displaying device 42 in the NTSC 
format, an NTSC encoder 44 converts the YC-converted image data into video 

25 signals in the NTSC format. 

When image data is to be recorded in a recording device 46, a 
compressing and expanding device 48 compresses the YC-converted image data 
and expands the compressed data at image data reading. 



7 



The electronic camera 10 further comprises a gradation converting device 
50 that performs gradation conversion such as logarithmic conversion of the 
luminance of the image at a wide dynamic range recording, a compressing 
device 52 that compresses the gradation-converted image data and a signal 
. 5 processing part 54 that expands the compressed data or the image data read from 
the recording device 46 and performs gradation inverse-conversion to produce 
second image data and performs gamma correction and YC conversion to 
produce image to be displayed as need arises. The signal processing part 54 has 
a density adjusting device that can automatically or manually adjust density of a 
10 visible image. 

A printer interface (I/F) 58 that controls a printer 56 and receives the 
obtained image data of the image to be printed from the compressing and 
expanding device 48 or the signal processing part 54 and transmits the image 
data to the printer 56. 

15 Normal imaging of the electronic camera 10 constructed as described 

above that is different from wide dynamic range imaging will now be explained. 

When the user operates the recording mode switching device 31 to 
choose the normal recording mode, a subject image formed on the CCD 14 
through the lens group 16 is converted into electric charges by photoelectric 

20 transferring devices of the CCD 14. The accumulated electric charges are 
outputted from the CCD 14 according to an instruction of the timing generator 
30 at fixed intervals. 

The electric charges outputted from the CCD 14 are converted into the 
signals of R, G, B, and G filter arrangement that correspond to the light amounts 

25 by the CDS 26. The R, G, B, G analog signals are converted into the digital 
signals by the A/D converter 28 and are temporarily stored in the memory 40. 
After that, the digital signals are sequentially read out for the gamma correction, 
the optical black correction, the white balance correction, the interline processing 
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and YC conversion, and then the image is displayed by the displaying device 42. 

Then, the user turns the electronic camera 10 to the subject 12, and 
presses a shutter release button (not shown) to perform a shooting after 
determining the camera angle, the focus and the exposure with the manual or 
5 automatic with the AE function while looking at the image displayed by the 
displaying device 42. 

The data of the image displayed by the displaying device 42 is recorded 
in the recording device 46 with a preset frame rate and pixel number for 
recording. 

10 Gradation converting and image data recording in the wide dynamic 

range imaging will now be explained. 

When the user operates the recording mode switching device 31 to 
choose the wide dynamic range recording mode and presses the shutter release 
button while looking at the image displayed by the displaying device 42, the R, 

15 G, B, G digital luminance signals outputted from the A/D converter 28 are 
temporarily stored in the memory 40. After that, the digital luminance signals 
are sequentially read out and transmitted to the gradation converting device 50. 
The gradation conversion is performed to produce first image data instead of the 
gamma correction, the interline processing and the YC conversion before the 

20 first image data is recorded in the recording device 46, so that a print of high 
quality can be acquired since a printer generally performs a printing according to 
R, G, B signals. The gradation converting processing of the gradation 
converting device 50 will now be explained with reference to Figs. 2, 3 and 4. 

Fig. 2 is a graph diagram showing the relationship between subject 

25 reflectance R (%) and a digital value of the first image data to be recorded D 
(digit). 

As shown in Fig. 2, subject reflectance of 200% conventionally 
corresponds to a CCD output voltage corresponding to the maximum digital 
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value. In case of recording method with a 12-bit gradation, the AE is adjusted 
so that the digital value corresponding to the light amount (luminance) with 
subject reflectance of 200% is 4095 (12 bit). However, if subject reflectances 
largely differ from each other on one image, for example, a subject with a half 
- 5 tone at a shooting is white or black on the reproducing (e.g., displaying and 
printing) and the half tone disappears since exposure values are often about 1.5 
higher or lower than desired exposure values. 

In the present invention, gains of the image data is changed so that 
subject reflectance of 700% corresponds to the CCD output voltage 

10 corresponding to the maximum digital value to record the image data with a 
dynamic range that is much wider than that at the reproducing such as the 
displaying and the printing. In case of the recording method with the 12-bit 
gradation, the light amount with subject reflectance of 700% is 4095 (12 bit). 

The dynamic range at the recording is two or more times as wide as the 

15 dynamic range at the reproducing such as the displaying and the printing, so that 
the luminance equivalent to the subject reflectance R (%) can be corrected at the 
reproducing. Since the exposure values are never higher or lower by 2.5 or 
more than desired exposure values and the dynamic range of the CCD is limited, 
the recording dynamic range does not have to be more than six times as wide as 

20 the reproducing dynamic range. Thus, the density of the visible image does not 
have to be adjusted within a range that is wider than a range of ±2.5EV. 

Fig. 3 is a graph diagram showing luminance correction in case the 
relationship between the subject reflectance R (%) and the digital value to be 
recorded D (digit) is shown by a linear function. 

25 In Fig. 3, a straight line shows that the subject reflectance R within the 

range of 700% or lower can be recorded with the 12-bit gradation with normal 
exposure. If the reproduced image is 1EV darker than the desired subject image 
due to incorrect photometry of the AE, a gain (gradient of the straight line in Fig. 
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3) is changed at the displaying or the printing to positively correct the exposure 
by 1EV, so that the desired subject image can be obtained. Though only the 
subject reflectance R within the range of 350% or lower can be dealt with at the 
displaying, it does not matter at all for the following reasons. 
5 A dynamic range at a printing is described in "Television Society Journal 

Vol. 47, No. 10, pp. 1395-1397 (1993) Japan" giving reversal film as an example. 
A photo CD described in the journal can deal with reflectance of 200% or lower, 
and the maximum reflectance of the dynamic range at the actual displaying or 
the printing is 200%. 

10 There is no problem since the maximum subject reflectance R of 350% in 

case of the positive exposure correction by 1EV at the displaying or the printing 
is much higher than the maximum reflectance of 200% of the dynamic range at 
the printing. Even if the exposure is positively corrected by 2EV, the incorrect 
photometry of the AE can be completely compensated for at the displaying or the 

15 printing when the subject reflectance R within the range of 700% or lower is 
recorded since the subject reflectance R within the range of 175% or lower can 
be dealt with at the displaying. If the subject reflectance R is negatively 
corrected, the incorrect photometry of the AE can be completely compensated 
for since the dynamic range does not get narrower. 

20 In the gradation conversion in which the relationship between the subject 

reflectance R (%) and the digital value to be recorded D (digit) is shown by the 
linear function, an operation for the gradation conversion is easy at the recording, 
displaying or the printing, and it does not affect the processing speed. 

The gradation-converted image data as described above is compressed as 

25 need arises and recorded in the recording device 46. 

By having both the conventional displaying method and the wide 
dynamic range recording, the electronic camera 10 can display the subject image 
on the displaying device at the shooting like the conventional electronic camera. 
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Fig. 4 is a graph diagram showing luminance correction in case the 
relationship between the subject reflectance R (%) and the digital value to be 
recorded D (digit) is shown by a logarithmic function. 

In Fig. 4, a line shows that the subject reflectance R within the range of 
5 700% or lower can be logarithm-recorded with the 12-bit gradation with the 
normal exposure. Logarithmic recording conversion is shown by the following 
equations 1 and 2; 

DO = 1500 x log 10 R - 172 (2.805^R) equation 1, and 

DO = R x 500/2.805 (2.805=>R) equation 2, 

10 where DO is a logarithm recording value (digit) at a shooting with the 

normal exposure and R is the subject reflectance (%). The bases of the 
logarithms are 10 in the equations, but the present invention is not limited to this. 

In the logarithm recording, the subject reflection R is recorded with 
straight lines instead of being logarithm-converted when the digital value D is 
15 500 or lower (2.805^R) so that resolution when the reflection is low is kept high 
and the digital value D is 0 when the subject reflection R is 0. 

The subject reflection R is logarithm-recorded as described above, and 
thus the resolution when the reflection is low can be kept high and the wide 
dynamic range recording can be performed. The operation for the gradation 
20 conversion in the electronic camera is more complicated than that in the 
recording method with the linear function, but the exposure correction is easy 
since the data only needs to be shifted (difference) when the exposure is 
corrected at the displaying or the printing. 

Logarithmic recording conversion when the camera positively corrects 
25 the exposure by 1EV is shown by the following equations 3 and 4, and 
logarithmic recording conversion when the camera positively corrects the 
exposure by 2EV is shown by the following equations 5 and 6, and logarithmic 
recording conversion when the camera negatively corrects the exposure by 1EV 
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is shown by the following equations 7 and 8; 
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where Dl is a logarithm recording value (digit) at the positive exposure 
correction by 1EV, and D2 is a logarithm recording value (digit) at the positive 

10 exposure correction by 2EV, and D3 is a logarithm recording value (digit) at the 
negative exposure correction by 1EV. 

The gradation-converted first image data as described above is 
compressed as need arises and recorded in the recording device 46. The data of 
the recorded image file has conventionally a gradation different from that of the 

15 image at the shooting when it is read out and displayed or printed. To address 
this problem, a tag including luminance information showing the gradation of the 
image file has been converted is recorded with the image file, and the gradation 
is converted within a correction-possible range according to the tag at the 
displaying or the printing to produce the second image data. 

20 Fig. 5 is a diagram showing the structure of the image file including the 

luminance information on the gradation conversion according to the present 
invention. 

As shown in Fig. 5, the image file 70 comprises tag information of the 
image file and an image data area 82 in which the image data is recorded, and the 
25 tag information includes wide dynamic range recording information 72 showing 
whether the image data was recorded with the wide dynamic range, dynamic 
range information 74 showing maximum reflectance information that has been 
actually set in the camera, recorded gradation state 76 that is converting 
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equations, first-order and zero-order constants and the format, compression form 
78 that is information showing whether the image data has been compressed and 
the from of the compression, filter arrangement form 80 that is information 
showing the filter structure for separating the output from the CCD 14 into R, G 
. 5 and B signals, and so on. 

The tag information in the gradation recording method is recorded in the 
header part of the image file 70 as described above, and thus the image at the 
shooting can be faithfully reproduced. 

Fig. 6 is a flowchart showing a procedure for reading out the image file 
10 recorded in the recording device 46 and printing the image. 

After the image file 70 to be printed is read out of the recording device 
46 and the processing for converting the image data in the image file 70 into the 
print image is started, the processing program goes to SI 00 of "DETERMINE 
WHETHER IMAGE DATA HAS BEEN RECORDED WITH WIDE 
15 DYNAMIC RANGE" in Fig. 6. 

At SI 00, the wide dynamic range recording information 72 recorded in 
the header part of the image file 70 is read and it is determined whether or not 
the image data has been recorded with the wide dynamic range. If yes, the 
signal processing part 54 in Fig. 1 processes the data of the read image file in the 
20 wide dynamic range processing in Fig. 6. If the image data has been recorded 
in the normal recording method, the compressing device 48 in Fig. 1 performs 
conventional expansion and development processing. 

At S102 of "DETERMINE RECORDED GRADATION METHOD," the 
recorded gradation state 76 of the tag information is read and the converting 
25 equations and the constants of the gradation conversion and the method of 
developing the image data according to the form are set. 

At S104 of "DETERMINE RECORDED DYNAMIC RANGE," the 
dynamic range information 74 showing maximum reflectance information that 
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has been actually set in the camera is read from the tag information and set as a 
constant at the gradation conversion. 

At S106 of "DETERMINE COMPRESSION METHOD," the 
compression form 78 is read from the tag information and a constant for 
5 developing the image data is set according to the information showing whether 
the image data has been compressed and the from of the compression. 

At S108 of "DETERMINE FILTER ARRANGEMENT," the filter 
arrangement form 80 is read from the tag information and the interline 
processing is set according to the filter arrangement of the CCD 14. 
10 At S110 of "EXPANSION," the image data recorded in the image data 

area 82 according to the information of the compression form 78 is expanded. 

At S112 of "INTERLINE PROCESSING," the interline processing is 
performed according to the filter arrang ment of the CCD14 to separate the 
image data into the R, G and B image data. 
15 At S114 of "EXPOSURE CORRECTION," the exposure of the separated 

image data is automatically corrected. 

At S116 of "COLOR CORRECTION," the white balance of the 
exposure-corrected image data is corrected, and then the corrected image data is 
YC-converted and displayed on the displaying device 42 through the NTSC 
20 encoder 44 in Fig. 44. 

At S118 of "EXPOSURE CORRECTION" and S120 of "COLOR 
CORRECTION," the user determines whether or not exposure correction and 
color correction are needed while looking at the image displayed on the 
displaying device 42, and the user determines correction amounts and performs 
25 them if they are needed. The correction amounts for the exposure correction 
and the color correction are determined according to the dynamic range 
information 74 of the tag information. The image data is corrected according to 
the determined correction amounts and the gradation-inverse-conversed image is 
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displayed on the displaying device 42. 

At the printing, the gamma correction suitable for the printing is 
performed at S122 of "GAMMA CORRECTION" as need arises. 

At S124 of "INCREASE OR DECREASE NUMBER OF PIXELS," the 
5 number of the pixels is changed according to the definition of the print. At 
S126 of "SHARPNESS PROCESSING," sharpness processing is performed for 
edges of the image. After various corrections, the image data is transmitted to 
the printer 56 through the printer I/F 58 and the printing is performed at S128 of 
"PRINTING." 

10 The image data recorded with the wide dynamic range is reproduced or 

printed in the above-described way, and thus the print whose density is 
appropriate can be obtained even if the AE was incorrect at the shooting. 

It is easy for the user to shoot when the diaphragm 18 is relatively small 
and the shooting timing, which corresponds to the shutter speed, is high 

15 (exposure amount is small), and thus the exposure is low by about 1EV-2EV 
dark at the wide dynamic range imaging and it can be corrected at the printing. 
If the normal imaging mode is 200% imaging and the wide dynamic range 
imaging mode is 700% imaging and the exposure value in the normal imaging 
mode is 12, the exposure is under and the correction value is log 10 (700/200)/log 10 

20 2=1.8EV and the exposure value is 13.8. 

At the wide dynamic range imaging, the imaging in the normal imaging 
mode may be performed at the same time. In this case, the imaging is 
performed with the exposure value and the gain of the data of the normal 
imaging mode is increased by a gain controlling device (not shown) before the 

25 gamma correction part 34, and the image data with the exposure value of the 
normal imaging mode. 

Fig. 7 is a graph diagram showing the relationship between the data at the 
shooting, gradation conversion, gradation inverse conversion, and the displaying 
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or the printing. 

The gradation conversion at the shooting and the printing will now be 
explained. 

If the AE of the electronic camera 10 matches the desired exposure for 
5 the subject with subject reflectance Rl in the fourth quadrant, the image with the 
subject reflectance Rl is converted into the digital value to be recorded of a point 
K2 through a point Kl on a logarithmic gradation conversion curved line of the 
normal exposure, and the image is recorded in the recording device 46. 

If the recorded image is to be reproduced, the recorded digital value of 

10 the point K2 is converted into the displaying or printing digital value of a point 
K4 through a point K3 on a logarithmic gradation inverse conversion curved line 
of the normal exposure in the third quadrant. Then, the displaying or printing 
digital value of the point K4 is converted into the displaying or printing density 
of a point K6 through a point K5 on a displaying or printing characteristic curved 

15 line in the second quadrant. 

If the AE of the electronic camera 10 sets the exposure that is 1EV lower 
than the desired exposure, the diaphragm 18 is larger for 1EV and the subject 
with the subject reflectance Rl is recorded with the digital value to be recorded 
of a point K12. The digital value to be recorded of the point K12 is converted 

20 into the printing digital value of a point K14 through a point K13 on the 
logarithmic gradation inverse conversion curved line of the normal exposure. 
When the image data is reproduced, the printing digital value of the point K14 is 
converted into the displaying or printing digital value of a point K16 through a 
point K15 on the displaying or printing characteristic curved line in the second 

25 quadrant, and thus the density of the reproduced image is lower than that of the 
subject for 1EV and the image is too light. 

The user chooses a logarithmic gradation inverse conversion curved line 
for positive exposure correction of 1EV in the third quadrant and converts the 
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digital value to be recorded of the point K12 into the displaying or printing value 
of a point K4 through a point K17 on the logarithmic gradation inverse 
conversion curved line for positive exposure correction of 1EV to perform 
positive exposure correction of 1EV while looking at the reproduced image that 
- 5 is lighter than the desired image. The displaying or printing value of the point 
K4 is converted into the displaying or printing density of a point K5 on the 
displaying or printing characteristic curved line in the second quadrant. 

If the AE of the electronic camera 10 sets the exposure that is 1EV higher 
than the desired exposure, the diaphragm 18 is smaller for 1EV and the subject 
• 10 with the subject reflectance Rl is recorded with the digital value to be recorded 
of a point K22. The digital value to be recorded of the point K22 is converted 
into the printing digital value of a point K24 through a point K23 on the 
logarithmic gradation inverse conversion curved line of the normal exposure. 
When the image data is reproduced, the printing digital value of the point K24 is 

15 converted into the displaying or printing digital value of a point K26 through a 
point K25 on the displaying or printing characteristic curved line in the second 
quadrant, and thus the density of the reproduced image is higher than that of the 
subject for 1EV and the image is too dark. 

The user chooses a logarithmic gradation inverse conversion curved line 

20 for negative exposure correction of 1EV in the third quadrant and converts the 
digital value to be recorded of the point K22 into the displaying or printing value 
of the point K4 through a point K27 on the logarithmic gradation inverse 
conversion curved line for negative exposure correction of 1EV to perform 
negative exposure correction of 1EV while looking at the reproduced image that 

25 is darker than the desired image. The displaying or printing value of the point 
K4 is converted into the displaying or printing density of the point K5 on the 
displaying or printing characteristic curved line in the second quadrant. 

In the above explanation, the user manually corrects the density while 
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looking at the reproduced image, but the density of the image may be 
automatically determined and corrected. 

A conversion curved line in the first quadrant in Fig. 7 shows the 
processing in the second, third and fourth quadrants. The subject with the 
5 subject reflectance Rl in the first quadrant is converted into the print density of 
the point K6 through a point K7 on the curved line, and the image is recorded in 
the recording device 46 with the print density of the point K6. 

Fig. 8 shows the directory structure when the image file is recorded in the 
recording device 46. 

10 As shown in Fig. 8, a directory named "DCIM" is composed of a 

directory "Widerange" storing image files recorded with the wide dynamic range 
and a directory "NomalRange" storing image files recorded in the normal mode. 

The directory "Widerange" stores image files "Dscw0001.tif," 
"Dscw0002.tif," . . . recorded with the wide dynamic range. "Dscw" represents 
15 that the image files have been recorded with the wide dynamic range. "0001" 
represents the shooting order or the type, and the extension "tif ' represents the 
structure of the compressed file. 

The directory "NomalRange" stores image files "Dscn0001.jpg," 
"Dscn0002.jpg," ... recorded in the normal imaging mode. "Dscn" represents 
20 that the image files have been recorded in the normal imaging mode. "0001" 
represents the shooting order or the type, and the extension "jpg" represents the 
structure of the compressed file. 

The image files recorded with the wide dynamic range and the image 
files recorded in the normal imaging mode are classified with the directories and 
25 the file names as described above, and thus the image files can be easily arranged, 
classified and searched after shooting. 

As explained above, the electronic camera according to the present 
invention has the imaging device that images the subject with the dynamic range 
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wider than that at the displaying or the printing to acquire the image data and the 
recording device that converts the image data acquired by the imaging device 
with a predetermined function and records the converted image data and the 
information on the function. Therefore, the printed image with the 
5 automatically or manually corrected density can be obtained at the displaying or 
the printing. 

It should be understood, however, that there is no intention to limit the 
invention to the specific forms disclosed, but on the contrary, the invention is to 
cover all modifications, alternate constructions and equivalents falling within the 
10 spirit and scope of the invention as expressed in the appended claims. 
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WHATTSCTATMHDTS: 

1. An electronic camera, comprising: 

an imaging device which images a subject so as to acquire image data 
with an imaging luminance range wider than a reproducing luminance range on 
at least one of displaying and printing; and 

a recording device which converts the image data acquired by the 
imaging device with a predetermined function and records the converted image 
data and information on the predetermined function. 

2. The electronic camera as set forth in claim 1, wherein the imaging 
luminance range is at least two and at most six times as wide as the reproducing 
luminance range. 

3. The electronic camera as set forth in claim 1, wherein the imaging device 
images the subject with an exposure value that is lower than a normal exposure 
value for desired reproducing. 

4. The electronic camera as set forth in claim 1, wherein the recording 
device represents a relationship between the image data and a digital value to be 
recorded by a linear function and records at least a first-order coefficient of the 
linear function with the image data. 

5. The electronic camera as set forth in claim 4, wherein the recording 
device records the first-order coefficient as attached information for the image 
data in the same image file as the image data. 

6. The electronic camera as set forth in claim 5, wherein the recording 
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device records the image file in one of a directory and a holder provided for each 
form of conversion. 

7. The electronic camera as set forth in claim 1, wherein the recording 
device represents a relationship between the image data and a digital value to be 
recorded by a logarithmic function and records at least one of a base, a first-order 
coefficient and a zero-order coefficient of the logarithmic function with the 
image data. 

8. The electronic camera as set forth in claim 7, wherein the recording 
device records the at least one of the base, the first-order coefficient and the 
zero-order coefficient as attached information for the image data in the same 
image file as the image data. 

9. The electronic camera as set forth in claim 8, wherein the recording 
device records the image file in one of a directory and a holder provided for each 
form of conversion. 

10. The electronic camera as set forth in claim 1, wherein the recording 
device represents a relationship between the image data and a digital value to be 
recorded while dividing the relationship into an area where the relationship is 
represented by a logarithmic function and an area where the relationship is 
represented by a linear function, and records at least one of a base, a first-order 
coefficient and a zero-order coefficient of the logarithmic function and a first- 
order coefficient of the linear function with the image data. 

11. The electronic camera as set forth in claim 10, wherein the recording 
device records the at least one of the base, the first-order coefficient and the 
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zero-order coefficient of the logarithmic function and the first-order coefficient 
of the linear function as attached information for the image data in the same 
image file as the image data. 

12. The electronic camera as set forth in claim 11, wherein the recording 
device records the image file in one of a directory and a holder provided for each 
form of conversion. 

13. The electronic camera as set forth in claim 1, wherein the recording 
device converts output voltage values from photoelectric converting devices with 
a filter arrangement of R, G, B and G of a CCD into digital values and records 
the digital values. 

14. The electronic camera as set forth in claim 1, wherein the recording 
device records the image file in one of a directory and a holder provided for each 
form of conversion. 

15. The electronic camera as set forth in claim 1, further comprising a mode 
switching device which switches between a normal imaging mode in which the 
subject is imaged with the same luminance range as the reproducing luminance 
range and a wide luminance range imaging mode in which the subject is imaged 
with the imaging luminance range that is wider than the reproducing luminance 
range. 

16. The electronic camera as set forth in claim 15, wherein: 

the subject is imaged with a normal exposure value obtained from normal 
photometry in the normal imaging mode; and 

the subject is imaged with an exposure value lower than the normal 
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exposure value, the exposure value being calculated according to the normal 
exposure value obtained by the normal photometry. 

17. The electronic camera as set forth in claim 1, wherein the recording 
device records the image data with the same luminance range as the reproducing 
luminance range and records the image data with the imaging luminance range 
that is wider than the reproducing luminance range at one time. 

18. The electronic camera as set forth in claim 17, wherein: 

the imaging device images the subject with an exposure value of a case in 
which the subject is imaged with the imaging luminance range that is wider than 
the reproducing luminance range; and 

the recording device converts the image data acquired by the imaging 
device with the exposure value so that the luminance range of the image data is 
the same as the reproducing luminance range. 

19. An image reproducing apparatus which reproduces a visible image by at 
least one of displaying and printing according to first image data recorded with a 
recording luminance range wider than a reproducing luminance range on the at 
least one of displaying and printing, the image reproducing apparatus 
comprising: 

a reading device which reads the first image data with the recording 
luminance range and reads luminance range information relating at least the 
recording luminance range; 

a signal processing device which produces, from the first image data with 
the recording luminance range, second image data with a luminance range 
required on the reproducing according to the luminance range information; and 

a reproducing device comprising at least one of: 
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a displaying device which displays the second image data as the 
visible image; and 

a printer which prints the second image data as the 'visible image. 

20. The image reproducing apparatus as set forth in claim 19, wherein the 
signal processing device comprises a density adjusting device which adjusts 
density of the visible image at least one of automatically and manually. 

21. The image reproducing apparatus as set forth in claim 20, wherein the 
density adjusting device adjusts the first image data into the second image data, 
the first image data being recorded with an exposure value that is lower than a 
normal exposure value for desired reproducing, the second image data being 
with the normal exposure value. 

22. The image reproducing apparatus as set forth in claim 20, wherein the 
density adjusting device adjusts the density of the visible image within a range of 
±2.5EV. 

23. The image reproducing apparatus as set forth in claim 22, wherein the 
density adjusting device adjusts the first image data into the second image data, 
the first image data being recorded with an exposure value that is lower than a 
normal exposure value for desired reproducing, the second image data being 
with the normal exposure value. 

24. The image reproducing apparatus as set forth in claim 19, wherein: 

a relationship between an imaged data and the first image data is 
represented by a linear function; and 

the luminance range information includes at least a first-order coefficient 
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of the linear function. 

25. The image reproducing apparatus as set forth in claim 19, wherein: 

a relationship between an imaged data and the first image data is 
represented by a logarithmic function; and 

the luminance range information includes at least one of a base, a first- 
order coefficient and a zero-order coefficient of the logarithmic function. 

26. The image reproducing apparatus as set forth in claim 19, wherein: 

a relationship between an imaged data and the first image data is 
represented while being divided into an area where the relationship is 
represented by a logarithmic function and an area where the relationship is 
represented by a linear function; and 

the luminance range information includes at least one of a base, a first- 
order coefficient and a zero-order coefficient of the logarithmic function and a 
first-order coefficient of the linear function. 

27. The image reproducing apparatus as set forth in claim 19, wherein the 
luminance range information is recorded as attached information for the first 
image data in the same image file as the first image data. 

28. The image reproducing apparatus as set forth in claim 27, wherein the 
image file is recorded in one of a directory and a holder provided for each form 
of conversion. 

29. The image reproducing apparatus as set forth in claim 19, wherein output 
voltage values from photoelectric converting devices with a filter arrangement of 
R, G, B and G of an imaging device is recorded as the first image data. 
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30. The image reproducing apparatus as set forth in claim 19, wherein the 
reading device reads, along with the first image data, an imaged data recorded 
with the same luminance range as the reproducing luminance range. 

31. An electronic image recording and reproducing system, comprising: 

an imaging device which images a subject so as to acquire imaged data 
with a recording luminance range wider than a reproducing luminance range on 
at least one of displaying and printing; 

a recording device which converts the imaged data acquired by the 
imaging device with a predetermined function into a first image data and records 
the first image data and luminance range information relating at least the 
predetermined function; 

a reading device which reads the first image data with the recording 
luminance range and reads the luminance range information; 

a signal processing device which produces, from the first image data with 
the recording luminance range, second image data with a luminance range 
required on the reproducing according to the luminance range information; and 

a reproducing device comprising at least one of: 

a displaying device which displays the second image data as the 
visible image; and 

a printer which prints the second image data as the visible image. 
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ABSTRACT OF THR DISCLOSURE 

The electronic camera has an imaging device that images a subject with 
subject reflectance R (%) with a dynamic range wider than that at displaying or 
printing to acquire image data and a recording device that converts the image 
data acquired by the imaging device with a predetermined function and records 
the converted image data and the information on the function as digital values 
(digit). Therefore, a printed image with an automatically or manually corrected 
density can be obtained at the displaying or the printing. 
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